Abstract The effect of gamma irradiation (0.5 and 1.0 kGy) and/or cooking on the proximate composition, mineral content, tannin content, phytic acid content and the in vitro protein digestibility (IVPD) of two Sudanese faba bean cultivars (BB7-S1 and SH-S2) was investigated in the present study. The results obtained revealed that gamma irradiation and/or cooking treatments have slight effect in chemical composition and mineral content, while they caused significant (P≤0.05) reduction on tannin content for both cultivars. Cooking of faba bean seeds also insignificantly (P≤0.05) reduced phytic acid content for both cultivars, while irradiation process and/or cooking had fluctuated effect. For both cultivars, irradiation of seeds and/or cooking increased the in vitro protein digestibility (IVPD), with maximum value of IVPD (79.97%) obtained for cultivar BB7-S1. The results indicate that the treatments used in this study might improve the nutritive quality of faba bean seed due to reduction in antinutritional factors with a concomitant increase in IVPD
Introduction
Faba bean (Vicia faba L.) is an important cash crop in the Sudan. The crop contributes to human nutrition and it is the staple food for many people in Sudan, because of its high protein content as well as other essential nutrients. The high lysine content has encouraged the use of faba bean as a protein supplement for cereals. Besides their high nutritional value, food grain legumes contain naturally occurring compounds known as anti-nutritional factors, as phytic acid and tannins. These anti-nutrients negatively affect the nutritive value (protein quality and minerals availability) of the bean through direct and indirect reactions (Bressani 1993) . Removal of such antinutritional factors is essential to improve the nutritive value of legumes. In order to inactivate or reduce the above mentioned antinutrients and improve the protein digestibility of legumes, various conventional, simple processing methods have been used such as dry heating, roasting, boiling, soaking in water, alkali and acid, solvent extraction, germination and fermentation (Liener 1994; Sathe and Salunkhe 1994; Siddhuraju and Becker 2001a; Siddhuraju and Becker 2001b) . However, none of these methods is able to completely remove all the detected antinutrients that are present in seeds, grains or feed materials. Irradiation treatment as a method of preservation to enhance the shelf-life or to improve the hygienic qualities of raw and processed foods and agricultural commodities has been well established worldwide. Radiation processing has proved to be an effective means of disinfestations and decontamination of food and agricultural products (Anonymous 1991; Loaharanu 1994 ). Radiation treatment itself or in combination with other processing methods has been shown to reduce or eliminate some of the anti-nutrients in cereals and legumes (Farag 1989; Sattar et al. 1990; Siddhuraju et al. 2000) . Ionizing radiations have also been proved effective in improving the overall nutritional attributes, including some desired changes in functional properties of seed flours (Rahma and Mostafa 1988; Dario and Salgado 1994; Dogbevi et al. 2000) . Irradiated foods will be safe and beneficial to extend the shelf-life of consumables in regions lacking proper refrigeration facilities (FAO/ IAEA 1997) . A joint expert committee convened by the FAO/ IAEA/WHO stated that irradiation of any food commodity up to 10 kGy presents no toxicological hazard (Anonymous 1981) . Subsequently, a joint FAO/IAEA/WHO study group reviewed the toxicological, nutritional and radiation-induced chemical and physical aspects of irradiated foods above 10 kGy and concluded that application of ionizing radiation at 10 kGy or higher doses will be safe and nutritionally adequate (WHO 1999) . Thus, effects of ionizing radiation on overall nutritional quality of food legumes up to the recommended dose and above assume importance. The objective of the present study was to investigate the effects of low doses of gamma irradiation (0.5 and 1.0 kGy) and/or cooking on some nutrients and antinutritional factors of faba bean cultivars.
Materials and methods
The seeds of two faba bean (Vicia faba) cultivars (BB7 -S1 and SH-S2) were obtained from Department of Agronomy, Faculty of Agriculture, University of Khartoum, Sudan. The seeds were carefully cleaned and freed from foreign materials and stored under ambient temperature during the study. All chemicals used in this study were of analytical grade.
Processing techniques
Irradiation process Faba bean seeds with initial moisture content of 2.98 & 2.73% for BB7-S1 and SH-S2 cultivars respectively were sealed in polythene bags of mass 500 g before and during irradiation process. Irradiation was carried out at room temperature (25°C) at Kaila irradiation processing unit, Sudanese Atomic Energy Corporation (SAEC). Samples were irradiated with a 3.89 KCi and 60 Co source at 0.5 and 1.0 kGy with dose rate 3.2 kGy/h. To minimize the variations in radiation received by the samples gamma rays were exposure to the both sides through radiation process. A Fricke dosimetry system was used to measure the dose received by the batch based on the Gafchromic HD-810 film (International Specialty Products, NJ, USA; FAO/IAEA/USDA 2003). Non irradiated seeds served as control.
Cooking Irradiated and non-irradiated seeds for both cultivars were subjected to cooking after soaking in water using water to grain ratio of 1:7 (w:v). Cooked seeds were dried at 50°C for 24 h. (Kataria et al. 1989 ). The second part was left uncooked. The Seeds (cooked and uncooked) were milled to fine powder to pass a 0.4 mm mesh and kept in glass bottles at 4°C for further analysis.
Proximate composition determination Moisture and ash content of the samples were determined according to the methods of AOAC (1990) . Fat content was assessed by soxhlet extraction method with petroleum ether (AOAC 1990) . Protein was calculated from the percentage of nitrogen which was determined by using Kjeldahl method described by Pearson (1981) . Crude fiber was determined by treating oil-free samples by sulphuric acid (0.26 N) and potassium hydroxide (0.23 N) solution in refluxing systems, followed by oven drying and muffle furnace incineration. (AOAC 1990) . Müller and Tobin's (1980) method was used to calculate total crude carbohydrates. The energy values of samples were calculated on Atwater factors (Sukker 1985) , protein (4 kcal g −1 ), oil (9 kcal g −1 ) and carbohydrates
Total minerals determination Minerals were extracted from the samples by the dry ashing method described by Chapman and Pratt (1982) About 2.0 g of sample was acid-digested in a digestion room. The digested samples were dissolved in distilled water and filtered (Whatman No. 42). The filtrate was made to 50 ml with distilled water and was used for determination of total calcium, Magnisum, phosphorus and iron. Calcium and Magnisum were determined by a titration method. Iron was determined by atomic absorption spectrophotometer (Perkin-Elmer 2380). Phosphorus was determined spectrophotometrically using molybdovanadate method.
In vitro protein digestibility determination The in vitro protein digestibility was carried out using pepsin according to the method of Maliwal (1983) as described by Monjula and John (1991) with a minor modification. A known weight of the sample containing 16 mg nitrogen was taken in triplicate and digested with 1mg pepsin in 15 ml of 0.1 M HCl at 37°C for 2 h. The reaction was stopped by addition of 15 ml of 10% trichloroacetic acid (TCA), the mixture was then filtered quantitatively through Whatman No. 1 filter paper. The TCA .soluble fraction was assayed for nitrogen using the microKjeldahl method (Pearson 1981) . Calculations:
Tannins content determination Quantitative estimation of tannin for each sample was carried out using a modified vanillin-HCl in methanol method as described by Price et al. (1978) . A 200 mg sample was extracted using 10 mL of 1% (v/v) concentrated HCl in methanol for 20 min in capped rotating test tubes. Vanillin reagent (0.5%, 5 ml) was added to the extract (1 ml) and the absorbance of the colour developed after 20 min at 30°C was read at 500 nm. A standard curve was prepared expressing the results as catechin equivalents, i.e. amount of catechin (mg per ml) which gives a colour intensity equivalent to that given by tannins after correcting for blank.
Phytic acid determination Phytic acid content was determined by the method described by Wheeler and Ferrel (1971) using 2.0 g of a dried sample. A standard curve was prepared expressing the results as Fe (NO 3 ) 3 equivalent. Phytate phosphorus was calculated from the standard curve assuming 4:6 iron to phosphorus molar ratio.
Statistical analysis Each determination was carried out on three separate samples and analyzed in triplicate on dry weight basis; the figures were then averaged. Data were assessed by the analysis of variance (ANOVA) described by Snedecor and Cochran (1987) Comparisons of means for treatments were made using Duncan's multiple range tests.
Significance was accepted at P≤0.05.
Results and discussion
Effect of gamma irradiation and/or cooking on Chemical composition of faba bean seeds Table 1 shows the values of proximate composition (%) of treated and untreated faba beans seeds for both cultivars. The results showed that there were no significant (P≤0.05) differences in dry matter, ash and fiber contents between the treated and untreated seeds, however, the protein and fat contents were increased slightly for both cultivars after treatments. The results obtained are in agreement with those of previous work done by Bhattacharjeea et al. (2003) who found that irradiation with 0.25, 0.5, 0.75 and 1.0 kGy had no significant effect on the proximate composition of cashew nuts. Additionally, Inayatullah et al. (1987) found that irradiation of soybean with 0.25, 0.5, 1.0, 2.5 and 5 kGy had no significant effect on the water, fat, ash and carbohydrate contents. Table 2 shows the contents of calcium (Ca), magnesium (Mg), phosphorus (P) and iron (Fe) of faba bean seeds as affected by gamma irradiation and/or cooking. For both cultivars, the results indicated that gamma irradiation and/ or cooking treatments of the seeds caused no significant (P≤0.05) changes in Ca, Mg and Fe contents, while they caused slight fluctuations on the P contents (Table 2) . These results revealed that gamma irradiation and/or cooking treatments of faba bean seeds have a minor effect on the total minerals contents. It was reported that during irradiation treatments at low doses up to 2 kGy the major and trace minerals do not suffer any significant (P≤0.05) changes especially in legumes and cereals ). However, Al-Bachir and Laham (2002) reported that high doses of gamma irradiation 5, 10, 15 and 20 kGy caused a 
Values are means ± SD (n03)
Values not sharing a common superscript in column significantly P≤0.05 different significant reduction on sodium, potassium and calcium contents of liquorice roots flour.
Effect of gamma irradiation and/or cooking on Tannin and Phytic acid contents of faba bean seeds The contents of tannin and phytic acids of faba bean seeds as affected by gamma irradiation and/or cooking were described in Fig. 1a and b. As shown in Fig. 1a , tannin content of BB7-S1 cultivar was found 4.13 mg/g, while that of SH-S2 was 3.10 mg/g. For both cultivars, gamma irradiation treatments of the seeds gradually reduced the tannin content. Results obtained were agreed with those obtained by Villavicencio et al. (2000) who found that the amount of catechin in unirradiated uncooked beans was 0.18% mEq, while it was 0.16%, 0.14% and 0.14% mEq when the samples were irradiated at 2.5, 5 and 10 kGy, respectively. Hassan et al. (2009) reported that dose of 2 kGy had no significant change in tannin content of two maize cultivars. Cooking of the faba bean seeds significantly (P≤0.05) reduced tannin contents for both cultivars to 2.70 mg/g for SH-S2 cultivars (Fig. 1a) . Elsheikh et al. (2000) reported that cooking decreased 50% of tannin content of faba bean. Cooking of irradiated seeds at doses 0.5 and 1 kGy insignificantly (P≤0.05) reduced tannin content for both cultivars, it was found to be 2.09 & 2.02 mg/g for BB7-S1 and to 2.40 & 1.70 mg/g for SH-S2 cultivar (Fig. 1a) . The same observation was reported by Brigide and Canniatti-Brazaca (2006) who concluded irradiation process with a 6 kGy dose showed a reduction in the antinutritional factors such as tannin in cooked beans. Phytic acid content (Fig. 1b) of faba bean seeds was found 7.2 and 6.5 mg/g for BB7-S1 and SH-S2, respectively. Gamma irradiation treatments with doses 0.5 and 1.0 kGy significantly (P≤0.05) reduced the phytic acid contents for SH-S2 cultivars (Fig. 1b) . For both faba bean cultivars BB7-S1 and SH-S2, cooking of the seeds reduced phytic acid content to 5.40 and 6.08, respectively. Gamma irradiated at dose 0.5 kGy followed by cooking slightly increased the phytic acid to 7.47 and 7.78 mg/g for BB7-S1 and SH-S2 cultivars, respectively, while gamma irradiated at dose 1.0 kGy followed by cooking decreased phytic acid for both cultivars (Fig. 1b) . Duodu et al. (1999) reported that cooking and gamma irradiation treatments of sorghum grains caused significant reduction in phytic acid levels. Similarly, gamma irradiation alone or in combination with soaking of soybean reduced the level of phytate compared to untreated seeds (Sattar et al. 1990 ). This reduction is likely to be due to chemical degradation of phytate to lower inositol phosphates and inositol by the action of free radicals produced by radiation (De Boland et al. 1975) . Moreover, a possible way of phytate reduction during irradiation may be due to cleavage of the phytate ring itself.
Effect of gamma irradiation and/or cooking on In vitro protein digestibility of faba bean seeds Figure 1c shows the effect of gamma radiation and/or cooking on pepsin in vitro protein digestibility (IVPD) of two faba bean cultivars. The IVPD was found to be 51.8 and 61.2% for BB7-S1 and SH-S1, respectively. Irradiation treatments of the seeds significantly (P≤0.05) increased IVPD for both cultivars. Similar findings were observed by Mostafa (1987) who reported that the in vitro protein digestibility of groundnut flour treated with gamma irradiation of dose up to 3.5 kGy was higher than that of non-irradiated one. Additionally, the results show that cooking of the seeds caused a significant (P≤0.05) increment in IVPD. It was found to be 79.97 and 70.92% for BB7-S1 and SH-S2, respectively. The results obtained indicated that cooking of legumes significantly affected the IVPD. This could be attributed to inactivation of antinutritional factors such as tannin and phytate. Abusin et al. (2009) reported that cooking caused about 10 and 20% increment in the IVPD of faba bean and white bean, respectively. Cooking of irradiated seeds at 0.5 and 1.0 kGy increased the IVPD to 72.9 and 66.0% for BB7-S1 and to 66.9 and 67.4% for SH-S2 (Fig. 1c) . The improvement in protein digestibility after irradiation may be attributed to the decline of protein inhibitors activity (Joseph and Dikshit 1993) . Moreover, it was reported that gamma irradiation can disrupts non-covalent bonds such as hydrogen and disulphide bonds that stabilize protein structure, by generating free radicals that attack protein molecules (Swallow 1991) , breaking of these bonds may lead to a loss of conformational or structural integrity of protein that exposed additional peptide bonds and enhance proteolysis and hence improve its digestibility (Koppelman et al. 2005) .
Conclusion
The results obtained in this study revealed that low doses of gamma irradiation (0.5 and 1.0 kGy) and/or cooking treatments of faba bean seeds caused no significant (P≤0.05) changes in the chemical composition and mineral contents. However, at these low doses of gamma irradiation and/or cooking, the contents of antinutritional factors such as tannin and phytic acid were significantly reduced, whereas the in vitro protein digestibility significantly increased in faba bean seeds for both cultivars
